JABARA 5,s showed that prolonged administration of stilboestrol to dogs led to the production of tumours of the ovary. Many of these tumours were regarded as malignant on the grounds that they were invasive, commonly metastasised, and had a reduced fluorescence when stained with the fluorescein-globulin method of LOUIS^. Similar results were obtained when stilbcestrol was administered in conjunction with progesterones.
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Materials and Methods
Sections were made from paraffin blocks of 10% formol salinefixed tissues from the dogs previously reported under the following case numbers : IV, V, VI and VIII5. D/PM 22, 23, 25, 31, 39, 45, and 49'3. Details of these dogs, and of the hormones they received, have been extracted from the original papers and are shown in Table I . Only DjPM 39 had received progesterone in addition to stilboestrol. Administration of stilbcestrol ceased before death in DjPiM 45 and 49, but the observations reported here related to ovarian biopsy material removed while dosing with stilboestrol was in progress. Metastatic lesions were demonstrated in all cases except V, DjPM 25 and D/PM 31.
Sections were stained with haematoxylin and eosin (H & E), and also by the following histochemical methods for the identification of mucins :
(1) Periodic acid-Schiff (PAS)4.
(2) Diastase/PAS. Sections incubated one hour in human saliva at 37" C. PAS-positive material removed by this treatment was regarded as glycogen.
(3) Periodic acid-phenylhydrazine-Schiff (PAPS)13. A one hour treatment in 5 yo aqueous phenylhydrazine hydrochloride was interposed between the periodic acid and the Schiff reagent in the PAS routine. Phenylhydrazine is stated to block the subsequent Schiff staining of neutral mucins and leave periodate-reactive sulpho-and sialo-mucins to be stained.
(4) Alcian blue/PAS (AB/PAS). Alcian blue16 stains acid mucins and, when applied in combination with the PAS method, can be used to differentiate acid from neutral mucins, which stain (red) with PAS alone.
(5) Methylation AB/PAS12. Mild methylation (4 hours in methanol made 0.1 N with hydrochloric acid at 37" C) is believed to block the subsequent alcian blue staining of non-sulphated acid mucins, leaving sulphated m u c h to be stained.
(6) Colloidal iron (CT)' O for acid mucins, with control sections not treated in the iron solution.
(7) Aldehyde fuchsinlalcian blue (AF/AB)14. This method is believed to differentiate sulphated mucins, which stain strongly with aldehyde fuchsin (AF +), from other acid mucins which stain weakly with aldehyde fuchsin (AF-) and thus are coloured blue by alcian blue.
(8) Azure A at pH 1.5 and 3.012. Metachromasia at pH 1.5 is believed to demonstrate accessible sulphate. Staining at pH 3.0 but not 1.5 may be due to either partially blocked sulphate or strongly dissociated carboxyl groups.
The following additional methods were used on a representative number of cases: (9) Hyaluronidase/CI. Sections were incubated in bovine testicular hyaluronidase*, 10 international units/ml in 0.05 M acetate buffer pH 5.5, at 37" C for either 3 or 16 hours and stained by thc CI method. Control sections were incubated in buffer without hyaluronidase. Hyaluronidase lability is believed to indicate hyaluronic acid and/or chondromucinss.
(10) Neuraminidase/CI. Sections were incubated in Vibrio cbolerae neuraminidase and stained by the CI method. The neuraminidase was purified up to the stage of methanol precipitation as described by ADA * "Kinaden", A.G. Schering, Berlin. and FRENCH^. Sections were incubated at 37" C for 16 hours in solutions containing 10 or 100 units/ml of neuraminidase. The enzyme was dissolved in a 0.05 M acetate buffer, pH 5.5, containing approximately 0.5% calcium chloride. Material removed by this treatment was regarded as n-acetylneuraminic (sialic) acidl5.
Results
Ovaries
Since the administration of progesterone in addition to stilboestrol produced no detectable differences in the nature of the lesions which developed6, the ovaries of the single dog which received both hormones are not described separately. Histochemical observations confirmed the similarity between lesions produced by stilboestrol with progesterone and those produced by stilboestrol alone.
Proliferative lesions were present in all ovaries examined. Their situation in relation to the structural components of the normal ovary is shown in Figs. 1-3. In spite of differences in degree the lesions had a common pattern. Surface epithelial proliferation with the production of papillae with connective cores was an invariable feature, but did not always involve the whole surface of the ovray. The papillae contained numerous solid and luminated groups of epithelial cells ( Fig. 4) . In serial sections some groups were seen to be attached to the surface epithelium, while others were wholly detached from it. Some were approximately spherical, others tubular or cord-like.
Figs. I-?.
Illustrate the general nature and situation of the proliferative lesions. Cell-groups were also in the outer cortical region immediately beneath the papillae. Extension into the cortex reached as far as, but not beyond, the level of the primary follicles ( Figs. 1-3 ). In some cases the deepest layer of cell-groups was partially separated from those at the bases of the papillae by a relatively dense connective tissue layer ( Figs. 7 and 8 ). These deep groups (Fig. 7) were usually larger than those within the papillae and many possessed well-developed lumina. In serial sections it was seen that at least a proportion of the deep groups were closed vesicles, wholly detached from the surface epithelium.
The surface epithelium on and between the papillae was generally of simple cuboidal or columnar type, but simple squamous and stratified areas were also observed. Many small nests of cells, similar to those seen in the surface epithelium of some normal canine ovaries, occurred within this epithelium.
The appearance of the inner portions of the cortex varied, but follicular growth and maturation appeared to be suppressed. In extreme cases there was advanced atrophy (Fig. 3) . In some ovaries there were secondary and antral follicles, though these frequently were atretic. Both mature follicles and corpora lutea were lacking.
The surface epithelium on and between the papillae was commonly covered by a thin film of secretion with the following histochemical characteristics : PAS-(or very faintly +), AB +, CI +, ( Fig. 5 ), AF-, non-metachromatic with azure A at pH 3.0 or 1.5, hyaluronidase stable and largely neuraminidase labile (Fig. 6 ). On the basis of these histochemical characteristics, this secretory material was identified as a non-sulphated, sialic acid-containing, acid mucopolysaccharide. Secretory material with identical staining reactions was seen in the lumina of many cell-groups within and below the surface papillae. Furthermore prominent cytoplasmic mucinous droplets, with the same staining reactions, occurred in the cells of many of these groups (Fig. 5 ). As in normal ovaries, droplets were found in no other ovarian epithelial cells, except some cells of the surface epithelium, and were confined to the region of the outer cortex.
Small numbers of cell-groups contained intraluminal secretion with different histochemical characteristics, identified as a non-sulphated, acid mucin. This secretion was strongly PAS +, and the PAS reaction was unblocked by phenylhydrazine. It was AB+ and AB staining was blocked by mild methylation. It was CI+, AF-, nonmetachromatic with Azure A at pH 3.0 or 1.5, hyaluronidase stable and largely resistant to neuraminidase digestion.
Metastases
Cells of metastatic lesions, both on serosal surfaces and within lymph nodes exhibited mucinous secretory activity. Epithelial cells between and covering papillae had secretion on their free surface. Secretion was within the lumina of tubular or acinar structures. Cytoplasmic secretion droplets of the type already described in the ovary were found in the cells of many luminated and solid clusters and cords of cells in metastatic lesions ( Figs. 9 and 10 ).
Histochemically these secretions showed the same reactions as that found covering the surface epithelium of the ovary. Strongly PAS + intraluminal secretion was rarely present.
Discussion
The results suggest strongly that the epithelial cell-groups within and below the surface papillae of the ovarian tumours were similar in nature to the SES of normal canine ovaries. Thus:
(a) Many of these cell-groups were attached to the surface epithelium, both between and covering the papillae. Some were in the form of open tubules leading to the surface.
(b) Both these cell-groups and normal SES occurred only in the superficial layers of the ovary, reaching to but not beneath the zone of primary follicles.
(c) The groups had a similar range of structural variation to that seen in normal SES.
(d) Intracytoplasmic droplets of the type seen only in SES, and occasionally in the surface epithelium, of normal ovariesll, were found regularly in the cells of these groups and not in any other epithelial structures. Intraluminal secretions, histochemically the same as types 1 and 2 which are seen in normal S E W , occurred in many luminated cell-groups. These cell-groups may have been formed directly from preexisting SES, but it seems more likely that the majority arose from the surface epithelium in the same way that SES probably form in normal adult canine ovaries. However, in some cases a collection of deeply situated, large, often luminated cell-groups occurred. Their appearance and situation suggested that they might represent SES which existed prior to administration of stilboestrol. If this were the case, the dense connective tissue layer which separated them from the immediate subpapillary cell-groups may have been a remnant of the tunica albuginea. In this event the papillae, and all of their contents, would have arisen from the surface epithelium and the connective tissue immediately beneath it.
If this interpretation be accepted, these ovarian proliferative lesions can no longer be regarded as having the property of invasiveness, as they were limited to the region in which SES are normally found. This region was, however, markedly increased by the development of surface papillae. These ovarian proliferations had other features suggesting hyperplasia rather than neoplasia. Thus they were seen in a mild form after a short period (37 days) of stilboestrol administration, regressed following hormone withdrawal, and never led to enlargement of the ovary beyond a diameter of 2 cm536. The remaining evidence that at least a proportion of the lesions were malignant neoplasms is that provided by fluorescein-globulin studies6 and by the demonstration, in many cases, of metastases596.
The present study, by demonstrating strong histochemical similarities between the mucinous secretory activity of the ovarian and metastatic lesions, adds additional support to the interpretation that the proliferative lesions on serosal surfaces and in lymph nodes were in fact metastases from the ovaries.
These experimentally produced tumours differed from all the types of naturally occurring canine ovarian tumours which have been described. They resembled most closely the ovarian adenomas and 0's H E A / J A B A R A adenocarcinomas, of whose histogenesis C O T C H -~2 stated that " . . . . a comparison with the normal canine ovary suggests that these tumours are derived from surface epithelium and from the similar epithelium which is found as epithelial cords in the underlying cortex." A histochemical study of the rnucinous secretory activity of this group of tumours would be of considerable interest.
The mechanism whereby stilbcestrol (or a metabolite thereof) produced this proliferative response in the surface epithelium, and perhaps also the SES, is not known. The effect may have been direct, and STEJN and ALL EN^^ provided evidence that ovarian surface epithelium of the mouse may respond to oestrogenic stimulation by proliferation. These workers injected oestrone into the ovarian bursa and observed an increase in the number of mitotic figures in the surface epithelium.
Neither the function of SES formation in the normal canine ovary, nor the fate of the cells of which SES are composed, is known. J O N C K H E E R E~ suggested that certain of these structures may pass through the ovarian cortex and give rise to medullary cords. This view is not supported by the present observations where the formation of SES appeared to be greatly increased but medullary cords showed no comparable increase. Neither do our results support the view of EVANS and S W E Z Y~ that SES give rise to follicles, including oocytes, in adult dogs. In no case was an oocyte seen in the epithelial cell-groups within the ovarian surface papillae. Furthermore the surface epithelium and SES responded differently from the follicular epithelium after stilboestrol administration. The former showed a marked proliferative response while follicular growth was apparently suppressed.
Ovarian tumours arising in dogs following administration of diethylstilboestrol consist of proliferating surface epithelium and epithelial cell-groups closely resembling the sub-surface epithelial structures (SES) found in normal canine ovaries. The main points of similarity of the neoplastic groups to normal SES were: (a) Frequent direct attachment to the surface epithelium, (b) Limitation to the outer part of the ovarian cortex, (c) Epithelial nature and general histological features, (d) Production of a histochemically identical mucinous secretion and intracytoplasmic droplets.
The epithelial proliferation was derived mainly from the surface epithelium but some may have come from pre-existing SES. Follicular growth and maturation were suppressed.
Histochemical observations on secretory activity indicate that lesions on serosal surfaces and in lymph nodes were metastases of ovarian origin.
Ovarialtumoren, die bei Hunden nach Verabreichung von Diathylstilbcrsrrol auftraten, bestanden aus proliferierendem Oberflachenepithel und epithelialen Zellgruppen mit grosser Ahnlichkeit PU den unter der Oberflache gelegenen epithelialen Strukturen (SES) von normalen Hundeeierstocken. Die wesentliche Ahnlichkeit der neoplastischen Gruppen mit den normalen SES bestand in: a) vielfach direktem Anhaften an das Oberflachenepithel, b) Beschrankung auf den Aussenteil der Ovarialrindensubstanz, c) epithelartiger Charakter und allgemeine histologische Merkmale, d) Produktion von einem histochemisch gleichartigen hluzinsekret sowie von intrazytoplasmatischen Tropfchen.
Die epitheliale Proliferation stammte uberwiegend aus dem Oberflachenepithel; dabei mag etwas auch aus vorher bestehenden SES entstanden sein. Follikelwachstum und -reifung waren unterdruckt.
Histochemische Befunde uber die sekretorische Aktivitat zeigen, dass die Veranderungen auf den Serosaoberflachen und in den Lymphknoten Metastasen ovarialen Ursprunges waren.
